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Introduction 

Melanoma has long been regarded as a model 
human cancer to study immune responses 
against tumours. Many primary melanomas 
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have areas of regression associated withJym- 
phoid infiltrates (1) and lymphoid infiltrates 
were shown to be a favourable prognostic 
indicator in long-term follow up studies (2). 
Primary melanoma was associated with infU- 
tration by CD4 T cells (3, 4) and these cells 
predominate in regressing lesions (5). 
In contrast CD8 T cells prdominated in 
metastases (3). Infiltration of metastases with 
CD4 T cells during treatment with IFN-aZ 
was also shown to conelate with clinical 

responses (6). ^ „ 

ThVmechanisms by which CD4 T cells could 
mediate regression has attracted much inte- 


O 

o 
m 

m 


m 
m 


I FORUM 10-3 2000 


243 TRAIL a, a •■ 

" Ruben EXHIBIT #106 


REVIEW 


Immunologically-mediated tumour cell 
apoptosis: the role of TRAIL in T cell and 
cytokine-mediated responses to melanoma 


Tarn Nguyen, Wayne Thomas, Xu Dong Zhang, Christian Gray and 
Peter Hersey 

Oncology and Immunology Unit, Newcastle Mater Hospital, Newcastle, New South Wales 


Immune responses against human melanoma are com^mon^ are bebeyd to in- 
fluence the natural history of the disease. In particukr, CD4 T ceU mfihra^re 
associated with regression of P^m^o^^^T^^^t^^t^ 
inierfWo2 (IFN-o2). Our studies have shown that CD4 T ceHs^gf g kfl 
melanoma by means of a member of the tumour necrosis factor CTNt) famUy 
expressed on their surface and called TNF related apoptosis ind ucing hgand 
rRSlU. Moreover, sensitivity to TRAIL also F^ r ^ V ^f?°^±3^ t 
to CD4 T cells. TRAIL is not expressed on resting lymDhocytes J>^* e *P£f"** 
high levels after exposure to IFN-o2 and on activated T cells. Lymphocytes from 
mefanonT patientsTearly stages of the disease show high leve^exp^ion^fter 
exposure tolFN-a2 and iMVout expression was less on lymphc^esfromsUgelV 
pXtts. This may be due to factors U melanoma cells m^^r^tsfrom 
some melanoma cultures suppressed IFN-o2 upregdation o f j^ffM 
melanoma cells to TRAIL can be mcreasedby tabibitoon of the activation^ of TgvKB 
and anti-apoptotic events downstream of NF-kB. These results suggest thai TRAIL 
may be an important mediator of responses .4^ •fS^'^'A 
immunotherapy or by treatment with IFN-ol and mterfeukin-2. Studies on jurpcal 
biopsies of melanonra however show that fresh isolates ^J^.*^^ 
TRAlL-induced apoptosis and effective therapy may involve combinations with 
other agents. 

FORUM TroA in E«ptrim«al and Oinfcil VfaEdoe. 1ft W-2S2. 2000 

Key words: TRAIL, apoptosis, IFN-a, JFN-y. CD4 T cells, melanoma 


Introduction 

Melanoma has long been regarded as a model 
human cancer to study immune responses 
against tumours. Many primary melanomas 


Cbuapeofcacc AooU be aUraed mc Tact Heae» Oicdotr""! 
l«Molocr U~t- Boo«. 44* Cril MxUba. BuASnf. Cut 10n< 
jrJWinSmaj.Ktwairie.NSWUOOAimalij 

•AMtcvunoru: TRAIL, TKF-rctxcd araptorii inducinf lifind: 
Rir. FUCE «osr« 51 «vK*«.«v paw CD«L CD43 fcfa«fc 
FjJ.. F». l«c»vt AJCC Aavncaa )o.n. Coaainc on Oncer. C 
c»lc «m>; O. <h*tw*z i-pciuunc TRAtL-R. TRAJL-rorcpw 
NF-<B. aockat km kappa B: BcH. B «ffl limffoxu (enc I; IAP. 
ujufcux* at a^>r«»« p«xcim; XIAP. X4inJ*d inhibit of .po^o 


have areas of regression associated with .lym- 
phoid infiltrates (1) and lyniphoid infiltrates 
were shown to be a favourable prognostic 
indicator in long-term follow up studies (2). 
Primary melanoma was associated with infil- 
tration by CD4 T cells (3, 4) and these cells 
predominate in regressing lesions (5). 
In contrast CD8 T cells predotninated in 
metastases (3). Infiltration of metastaseswith 
CD4 T cells during treatment with IFN-«2 
was also shown to correlate with clinical 

responses (6). ^ „ ,, 

Thetnechanisms by which CDi T cells could 
mediate regression has attracted much inte- 


| FORUM 10-3 2000 


243 


TRAIL a» a t 


Ruben EXHIBIT 2106 
Ruben v. Wiley et al. 
Interference No. 105,077 
RX2106 


REVIEW 


Immunologically-mediated tumour cell 
apoptosis: the role of TRAIL in T cell anc 
cytokine-mediated responses to melanoma 


Tarn Nguyen, Wayne Thomas, Xu Dong Zhang, Christian Gray and 
Peter Hersey 

Oncology and Immunology Unit, Newcastle Mater Hospital, Newcastle, New South Wales 


Immune responses against human melanoma are common and are beheyed to in- 
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have areas of regression associated with Jym- 
phoid infiltrates (1) and lymphoid infiltrates 
were shown to be a favourable prognostic 
indicator in long-term follow up studies (2). 
Primary melanoma was associated with infil- 
tration by CD4 T cells (3, 4) and these eelk 
predominate in regressing lesions (5). 
In contrast CD8 T cells predominated in 
metastases (3). Infiltration of metastases' with 
CD4 T celb during treatment with lFN-a2 
was also shown to correlate with clinical 
responses (6). 

Themechanisms by which CD4 T cells could 
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rest as their content of cytotoxic granules is 
much lower than that in NK cells and CD8 T 
cells. In view of this, much attention has been 
given to their role in killing target cells by an 
alternative killing mechanism that depends 
on interaction of ligands of the T~NF family 
with receptors on the target cell, viz. Fas, 
TNF-a receptors or receptors for l TRAIL 
Some studies have suggested that CD4 T cells 
kill target cells solely by the latter, mechanism 
(7). Both granule exocytosis and TNF family 
receptor/ligand dependent mechanisms 
induce apoptosis in the target cells by activa- 
tion of caspases. In the case of granule- 
dependent killing, granzymes released from 
the granules appear to activate procaspases 
whereas the TNF receptor family interactions 
depend principally on activation of caspase 8 
at the cell membrane and subsequently effec- 
tor caspases such as 3, 6 and 7 (8). Granule 
dependent mechanisms may also involve as 
yet poorly defined caspase-independent 
mechanisms of apoptosis induction. 
Studies on perforin-deficient mice suggested 
that the granule exocytosis pathway may be 
the principal mechanism involved in rejec- 
tion of tumours (9) but several recent studies 
suggest that the cell membrane signalling 
pathways may be more important in tumour 
rejection than suggested by the studies on 
perforin-deficient mice. Transmembrane 
signalling can be inhibited by overexpression 


of FLIP but does not however inhibit the 
granule exocytosis pathway. In studies by 
Medema et al. (10) it was shown that injec- 
tion of tumour cells transfected with RIP 
resulted in tumour development whereas 
tumour cells with low levels of FLIP were 
rejected. Furthermore, tumours escaping from 
rejection had high levels of RIP. Similar 
findings were reported in studies on another 
tumour model by Djerbi et al. (11). These 
studies therefore suggest that the transmem- 
brane signalling pathway may be more impor- 
tant in tumour rejection than at first thought. 

TRAIL appears to be responsible for 
killing of melanoma cells by CD4 
T cells 

In view of the possible involvement of the 
TNF-family receptors in the killing of target 
cells by CD4 T cells, a study of the role of 
TNF ligands known to be involved in the 
induction of apoptosis was carried out. These 
studies showed that TNF-a, CD40L and FasL 
were not involved in killing of melanoma but 
inhibition of TRAIL with moAb showed that 
practically all the killing of melanoma by 
CD4 T cells was due to their expression of 
TRAIL In contrast, killing of melanoma cells 
by CD8 CTL appeared to be largely inde- 
pendent of TRAIL (12). 
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Figure 1. Inhibition of CD4 T cell mediated lutlinj of; A) Jxirlat T cells and B) allogeneic meUnoma cells, Mel-CV by 
moAb (MlflOJ which specifically block TRAIL activity. A4C2, CSC4, CSCS and 2C4 are T cell clones t enerated from a 
melanoma, patient. Reproduced with permission from (12) 
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Importantly, we also found that susceptibility 
of melanoma lines to killing by a panel of 
CD4 T cell clones correlated with their 
susceptibility to killing by TRAIL. The 
exception was killing of the K562 myeloid 
target cells, which were not killed by the CD4 
T cell clones but were killed by TRAIL We 
surmise that this result indicates that specific 
antigen recognition is needed to induce 
TRAIL expression. The correlation between 
susceptibility of melanoma cells to killing by 
CD4 T celb and apoptosis induced by TRAIL 
suggests that susceptibility of melanoma to 
immunotherapy may be determined largely by 
their susceptibility to apoptosis induced by 
TRAIL as well as expression of antigens 
recognised by T cells. 

TRAIL is induced on blood 
lymphocytes from normal subjects 
and melanoma patients by IFN-a 
and IFN-y 

Studies by Kayagaki et al. (13) drew attention 
to an important role for I FN -a in the upregu- 
lation of TRAIL expression on T cells stimu- 
lated by anti-CD3 moAb. Peak expression of 
TRAIL was shown at six hours on both CD4 
and CD8 T cells. lFN-y, IL-2 and a variety of 
other cytokines did not upregulate TRAIL 
under the same conditions. Griffith et al. (14) 
showed that TRAIL was upregulated on 
human monocytes by both IFN-a2 and 


lFN-y, and that the death receptor TRAIL- 
R2 was downregulated. Similarly, immature 
human NK cells were shown to express 
TRAIL and to mediate apoptosis via TRAIL 
expression (15) 1L-2 appeared to be an impor- 
tant regulator of TRAIL expression on 
human NIC cells (16). 

In view of these findings we have investigated 
the role of IFN-a and IFN-y in expression of 
TRAIL on blood lymphocytes from patients . 
with melanoma using flow cytometry to gate 
on lymphocyte subpopulations and sensitive 
avidin-biotin detection methods to detect 
TRAIL. The results are summarised in Figure 
2 and indicate several findings. Firstly, 
unstimulated PBL from most normal subjects 
did not express TRAIL but when PBL were 
exposed to IFN-a (200 IU) for 16 hours there 
was a substantial increase in TRAIL expres- 
sion, particularly on CD4 T cells. TRAIL was 
also upregulated on CD8 T cells and CDH 
positive monocytes. 

Secondly, studies on melanoma patients 
showed that there was substantial expression 
of TRAIL on "resting" lymphocytes in the 
absence of IFN-a or IFN-y. This was evident 
even in patients with primary melanoma at 
long intervals after removal of the primary 
melanoma (AJCC stage 1 and 11 melanoma). 
Similar levels of expression were found on 
PBL from patients with a history of regional 
lymph node metastases (AJCC stage III 
melanoma). Exposure to IFN-a induced sub- 


TabUU Cytotoxic activity afCD4Tce!h against autologous and aUozeneic melanoma larf <t cells 
induced apoptosis. Reproduced with permission, from (12) 
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stanrial increases in TRAIL expression again 
predominantly on the CD4 subset but also on 
CD8-positive subsets. Expression was less 
marked on PBL from patients with dissemi- 
nated melanoma ( AJCC stage IV melanoma) 
and addition of IFN-a to the CD4 T cells 
induced significantly lower increases in 
TRAIL expression than in patients with ear- 
lier stages of melanoma, itane of the patients 
with stage IV melanoma had received prior 
chemotherapy. 

Thirdly, addition of 1FN^ at 200 |il/ml for 16 
hours also increased TRAIL expression. This 
was not as marked as that seen with !FN-a2 
and was more marked on CD8 T cells and 
monocytes compared to that on CD4 T cells. 


LAK cells express high levels of 
TRAIL and mediate TRAIL- 
dependent killing of target cells 
in Ca 2+ free media 

To examine whether TRAIL may mediate 
killing of target cells by LAK celb we gene- 
rated LAK cells by culture of PBL in 1L-2 
(500 for two weeks. This resulted in a po- 
pulation enriched in CD3-negative CD8-pos- 
itive NK cells and high TRAIL expression 
(Figure 3). IFN-y did not increase TRAIL 
expression on the LAK cells. 
LAK cells have high levels of cytotoxic gra- 
nules and are believed to mediate their killing 
by perforin granzyme release. We examined 
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TRAIL expression on 
IFN-stimulated LAK cells 


O Control 



-LAK 


Figure 3. TRAIL expression of LAK cells- PBL grown in 
500 jJ of VLrl for 2 wk. Cells were over 90% CD3-n*ya- 
tive CDS6-positive 

the role of TRAIL in killing by LAK cells by 
assay in Ca 2 * free media as it is known that 
killing by FasL, TRAIL and TNF-a is calcium 
independent, whereas the granular exocytosis 


mechanism is calcium dependent. The results 
shown in Figure 4 are representative of two 
experiments and indicate that killing by 1FN- 
al stimulated LAK cells is mediated in part 
by TRAIL This is shown by lysis of MM200 
and IgR3 melanoma cells in Ca 2+ free media 
(30-50% lysis) and inhibition of this killing 
(in Ca 2+ free media) in part by moAb to 
TRAIL (The remainder of the killing may be 
mediated by other ligands such as TNF-a and 
Fas-L but this was not examined.) 

Supernatants from some cultures of 
melanoma cells inhibit lFN-a 
upregulation of TRAIL expression 

Studies on IFN-a2 upregulation of TRAIL on 
lymphocytes from patients with stage IV 
disseminated melanoma showed that expres- 
sion of TRAIL was less than on PBL from 
patients with earlier stages of melanoma. In 
certain patients no increase in TRAIL 
expression was detected at all. We questioned 
whether this may be due to tumour-derived 
factors by testing the effect of supernatants 
from melanoma cultures on IFN-a induced 
upregulation of TRAIL As *own m Figure 
5 t supernatants from two cultures resulted m 
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complete inhibition of lFN-a2 induced 
upregulation of TRAIL expression. The 
nature of the factors inhibiting upregulation 
of TRAIL is the subject of further study. 
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Figure 5. Inhibition of IFN-o2 induced upregulatirm of 
TRAIL expression by sn. from the melanoma lines 
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Resting lymphocytes express low 
levels of death receptors, 
TRA1L-R1 and R2, and LAK cells 
have no detectable surface 
expression of TRAILER 

Previous studies on melanoma cells have 
shown that their susceptibility to TRAIL 
induced apoptosis was determined largely by 
the level of expression of the death receptors 
on their surface (17, 18). IFN-y had no effects 
on TRAIL-R expression on melanoma. 
IFN-a also had minimal effects on TRAILER 
expression in general but did result in small 
decreases in some melanomas. 
To study receptor expression on lymphocytes, 
resting PBL were separated on MAC columns 
into CD4 and CD8 T cells and exposed to 
IFN-a or y. As shown in Figure 6, both CD4 
and CD8 T cells expressed low levels of 
TRAIL-R1 and R2. IFN-y had no effect on 
receptor expression but IFN-a caused down- 
regulation of both receptors on CD4 T cells 
and TRAIL-R1 on CD8 T cells. LAK cells 
had no detectable expression of TRAIL-R but 
studies on permeabilised cells showed that 
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Future 6. TRAIL receptor exprcuum on CD4 and COS T 
ceUs were isolated on MACS CD4* and CD8* T cell isola- 
non kfcs respectively 

low levels of TRAIL-R2 and the decoy recep- 
tor TRAIL-R3 were present. These results 
suggest that lymphocytes are not protected by 
expression of decoy receptors but instead are 
most likely protected from TRAIL induced 
apoptosis by low expression of the death 
receptors. 

Melanoma cells from fresh isolates 
appears relatively resistant to 
TRAIL-induced apoptosis 

The results described above suggest that 
TRAIL may be an effective agent in the treat- 
ment of melanoma. However, studies on 
melanoma freshly isolated from surgical 
biopsies show a disturbing degree of resistance 
to TRAIL This appears to be associated with 
low expression of the death receptors for 
TRAIL on the melanoma cells. Once esta- 
blished in culture there is an increase in 
TRAIL death receptor expression and sensi- 
tivity to TRAIL induced apoptosis, as shown 
in Figure 7. 
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Figure 7. Sensitivity to TRMl^in&uced afoptosis and 
TRAIL- R2 expression on fresh isolates and subsequent 
passages of cultures established from the fresh biopsies 


Discussion 

The findings described above, showing that 
CD4 T cells appear to kill melanoma cells by 
TRAIL-induced apoptosis rather than by per* 
forin/granzy me dependent mechanisms, pro- 
vide potentially important insights into 
mechanisms of tumour control by the host; 
e.g. it has been known for some time that 
CD4 T cells appear to predominate in regress- 
ing primary melanoma (5). It seems possible 
that this is due to apoptosis of the tumour 
cells due to TRAIL expressed on the surface 
of the CD4 T cells. CD8 T cells also express 
TRAIL but do not predominate in early 
regressing melanoma. The reasons for this are 
not clear but may be related to a more rapid 
turnover and shorter half-life compared to 
CD4 T cells. Studies on two animal models 
have also shown that receptor-induced apop- 
tosis of tumour cells appears important in 
tumour surveillance and rejection, and pro- 


vides strong support for the importance of lig- 
ands such as TRAIL (and possibly FasL and 
TNF-a) in tumour rejection (10, 11). 
A second important insight from the studies 
on CD4 T cell-mediated killing of melanoma 
was the observation that melanoma cells that 
were resistant to TRAIL were also resistant to 
killing by CD4 T cells (12). This result 
implies that studies on factors which are 
responsible for resistance to TRAIL may also 
increase the effectiveness of immunotherapy 
by combining it with reagents that overcome 
resistance to TRAIL Our studies suggest that 
inhibitors of NF-kB activation may be one 
approach to reducing resistance to TRAIL 
induced apoptosis. Some chemotherapy 
reagents, such as Temozolomide, may have 
this action (19) and newly-described protea- 
some inhibitors, such as PS341 (20), may also 
prevent activation of NF-kB. A number of 
chemotherapy agents were shown to sensitise 
cancer cells to TRAIL (21, 22) and m$y pro- 
vide a basis for combination with immuno- 
therapy. 

Studies on blood lymphocytes have shown 
that TRAIL expression is not confined to the 
CD4 T cell population but may atso be 
detected on CD8 T cells, monocytes and NK 
cells. Levels of TRAIL on these cells are bare- 
ly detectable in normal subjects but are pre- 
sent on lymphocytes from most patients with 
melanoma, even for long periods after 
removal of primary melanoma and in the 
absence of recurrent disease. This may indi- 
cate that there is a source of melanoma anti- 
gen perhaps in regional lymph nodes that 
activates a small proportion of lymphocytes 
in the circulation, particularly the CD4 sub- 
set. Exposure to IFN-a2 induces a dramatic 
increase in TRAIL expression, particularly on 
the CD4 subset. This was mostly evident in 
blood lymphocytes from patients with a his- 
tory of primary melanoma (stage I and II) and 
regional lymph-node disease (stage HI). 
These findings would be consistent with pre- 
vious reports that TRAIL expression was 
increased to higher levels on activated lym- 
phocytes by IFN-a (13). In contrast to !FN-a2, 
IFN-y was more e ff eccive in ^creasing 
TRAIL expression on CD8 T cells and mono- 
cytes. 
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Although TRAIL was expressed on CDS T 
cells and NK cells, its role in killing by these 
cell types appears to be of minor significance, 
presumably because they kill normally by the 
granule exocytosis mechanism. When the lat- 
ter is blocked by depletion of calcium, TRAIL 
was shown to mediate some of the killing by 
LAK cells but other TNF ligands may also be 
involved. 

Blood lymphocytes from patients with dis- 
seminated melanoma had a relatively low 
increase in TRAIL expression in response to 
IFN-a compared to normal subjects and 
patients with stage I, II and III melanoma. 
This was mainly evident in the CD4 rather 
than the CD8 T cell subset and no differences 
were seen in TRAIL expression on mono- 
cytes. The reasons for this are not clear. 
"Resting" PBL from the stage IV patients 
expressed TRAIL at similar levels to those in 
other patients so it was not due to a lack of 
antigenic stimulation. It is possible that par- 
ticular subsets of CD4 lymphocytes expres- 
sing TRAIL in response to !FN-a2 are deple- 
ted in these patients or that tumour-related 
factors in their circulation inhibit the IFN-a2 
induced response. Support for the latter 
explanation came from studies on super- 
natants collected from melanoma cell lines. 
Supernatants from cell lines that were 
immunosuppressive in anti-CD3 lymphocyte 
proliferative assays were shown to completely 
inhibit upregulation of TRAIL by IFN-a2. 
The mechanisms involved and the nature of 
the suppressive factor are as yet unknown. 
Should tumour-derived factors be involved in 
the suppression of !FN-a2 upregulation of 
TRAIL, it would provide a further explana- 
tion for variation in responses to lFN-a2. 
These results, showing that IFN-a2 upregu- 
lates TRAIL expression on circulating T 
cells, raise a question as to whether !FN-a2 
may mediate its anti-tumour effects via 
TRAIL expression. Support for this hypothe- 
sis comes from studies showing that responses 
toJFN-a2 correlated with CD4 T cell infil- 
trates into the melanoma {?}. IFN-a2 does 
however have many other effects and further 
study is needed to examine whether TRAIL 
may be an important mediator of !FN_-a2 and 
even 1L-2 mediated anti-tumour effects. 
This view of the importance of TRAIL has 
important implications for therapy for two 


reasons. One is that treatment may be made 
more effective by optimisation of protocols to 
achieve high TRAIL expression on CD4 T 
cells. Secondly, measures that may increase 
the sensitivity of melanoma to TRAlL- 
induced apoptosis may be important in 
achieving clinical responses. Our past studies 
have shown that the sensitivity of melanoma 
cells to TRAIL is determined largely by the 
level of expression of the death receptors, par-, 
ticularly TRA1L-R2 (17). In addition, acti- 
vation of NF-kB appears to be involved and 
to be superimposed on the level of apoptosis 
determined by the level of TRAIL-R2 
expression. TRAIL appears to mediate apop- 
tosis of melanoma via mitochondrial path- 
ways (23) and inhibitors of this pathway, 
such as Bcl-2 and IAP 1 and 2 and XIAP, 
may be important in the regulation of 
TRAlL-mediated responses. In view of the 
low TRAIL death receptor expression in 
fresh melanoma tissue, regulation of the level 
of the death receptors may also be an impor- 
tant strategy in improving responses to ther- 
apy. The death receptor TRAIL-R2 is upreg- 
ulated by p53 (24) and consequently 
chemotherapy and other DNA damaging 
agents (25) may reverse resistance to TRAIL 
by upregulation of death receptors. 
These optimistic studies on TRAIL need to 
be tempered by studies showing possible toxi- 
city to human liver cells (26) and our findings 
that freshly-isolated melanoma cclb appear 
less sensitive to TRAIL than cultured cells 
(27). Nevertheless, the present studies pro- 
vide new insights into the possible mode of 
action of vaccine and cytokine therapy and 
provide a framework for future studies that 
focuses on the nature and ousceptibility.of 
tumour cells and which monitors the level of 
TRAIL expression on key effector cells. 

Conclusions 

TRAIL is a member of the TNF family that 
induces apoptosis in approximately two- 
thirds of cultured melanoma. CD4 T cells 
appear to kill melanoma by expression of 
TRAIL on their surface. Melanoma cells that 
were resistant to TRAIL were also resistant to 
killing by CD4 T cells. IFN-a, and to a lesser 
extent IFN-y, appears to have an important 
role in upregulation of TRAIL on the surface 
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of CD4 T cells. IFN induced expression of 
TRAIL is also influenced by factors released 
from melanoma cells and this may account for 
the relatively low expression of TRAIL on 
CD4 T cells from patients with disseminated 
melanoma. These findings raise a question as 
to whether the therapeutic effects of IFN-a2 
may be via expression of TRAIL on T cells 
and if this were the case it would be expected 
that responders would have high TRAIL 
expression on their T cells and TRAlL-sensi- 
tive melanoma cells. These insights may also 
provide a way forward to improve results from 
treatment with IFN (and 1L-2) by combining 
them with agents that sensitise melanoma 
cells toTRAlL-induced apoptosis. 
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